Pictures are referential in that they can represent objects in the real world. Here we explore the emergence of understanding of the referential potential of pictures during the second year of life. In Study 1, 15-, 18-, and 24-month-olds learned a word for a picture of a novel object (e.g., ''blicket") in the context of a picture book interaction. Later they were presented with the picture of a blicket along with the real object it depicted and asked to indicate the blicket. Many of the 24-, 18-, and even 15-month-olds indicated the real object as an instance of a blicket, consistent with an understanding of the referential relation between pictures and objects. In Study 2, children were tested with an exemplar object that differed in color from the depicted object to determine whether they would extend the label they had learned for the depicted object to a slightly different category member. The 15-, 18-, and 24-monthold participants failed to make a consistent referential response. The results are discussed in terms of whether pictorial understanding at this age is associative or symbolic.
Introduction
Pictures are among the most common symbols to which infants and young children are exposed early in life. The majority of children in Western societies regularly encounter pictures in children's books, family albums, magazines, and so on. Previous research established that by 30 months of age, children are able to use pictures referentially, as symbols for and sources of information about the world (DeLoache & Burns, 1994) , but little is known about when in development this capacity first emerges and what limitations might accompany it.
There is abundant evidence that children perceive the similarity between pictures and their referents very early in life. For instance, infants as young as 3 months of age can recognize their mother's face in color photographs (Barrera & Maurer, 1981; de Schonen & Mathivet, 1990) , and by 5 months of age they can detect similarities between and also discriminate between two-dimensional (2D) and three-dimensional (3D) stimuli (DeLoache, Strauss, & Maynard, 1979; Dirks & Gibson, 1977; Rose, 1977; Slater, Rose, & Morison, 1984) .
There is also abundant evidence suggesting a lack of appreciation of the symbolic nature and use of pictures during the first 2 years. Perner (1991) reported that his 16-month-old son attempted to step into a picture of a shoe. This kind of behavior toward pictures suggests that at this young age children treat pictures as ''things of action" rather than as ''objects of contemplation" (Werner & Kaplan, 1964) . This claim has now been experimentally documented in several studies (Callaghan, Rochat, MacGillivray, & MacLellan, 2003 DeLoache, Pierroutsakos, Uttal, Rosengren, & Gottlieb, 1998; Murphy, 1978; Pierroutsakos & DeLoache, 2003; Yonas, Granrud, Chov, & Alexander, 2005) . When young infants are presented with a highly realistic color photograph of an object, they touch, rub, pat, and scratch at the depicted object and sometimes even grasp at it (DeLoache et al., 1998 ). Children's manual exploration of pictures decreases from 9 to 18 months of age (with the largest decrement being between 9 and 15 months) as it is replaced by referential behaviors such as pointing and labeling. The decline in manual behaviors toward pictures may reflect a beginning appreciation that pictures are representations for things other than themselves (DeLoache et al., 1998) . It is also possible that at this early stage children simply have firmed up the distinction between the behavioral affordances of 2D and 3D entities but do not yet take pictures as symbols.
By preschool age, children clearly take pictures as symbols in that they can make use of the representational relation between a picture and its referent. For example, 3-and 4-year-olds understand that a drawing can have a different meaning or interpretation depending on the creator's intention (Bloom & Markson, 1998; Gelman & Ebeling, 1998) , and even 30-month-olds can use a depicted situation to form a representation of a real situation so as to guide behavior (DeLoache & Burns, 1994) . To explicitly appreciate the representational relation between a picture and its referent, one needs to have the ability to form meta-representations (Perner, 1991) which emerges between 3 and 4 years of age (Leslie, 1987; Perner, 1991) , and aspects of explicit reasoning about pictures as symbols continue to develop throughout the preschool and elementary years (e.g., Beilin & Pearlman, 1991; Flavell, Flavell, Green, & Korfmacher, 1990; Robinson, Nye, & Thomas, 1994; Uttal, Gentner, Liu, & Lewis, 2008; Zaitchik, 1990) .
There is a paucity of research on toddlers' understanding of pictures as symbols. Three recent studies suggest that 15-to 24-month-olds are able to apply information they hear in relation to a picture to its referent (Ganea, Bloom Pickard, & DeLoache, 2008; Preissler & Carey, 2004; Simcock & DeLoache, 2006) . One of these studies (Ganea et al., 2008) showed that 15-month-olds are capable of transferring a novel word from a picture to its referent. After a book-reading interaction in which they learned the label ''blicket" for a novel depicted object, they identified which of two real objects was a blicket. Clearly, children learned the mapping between the word and the picture, and they used the similarity between the picture and its referent to choose which object was the blicket. However, this study does not provide strong evidence that children assumed that the word ostensively taught with respect to a picture actually referred to the object. Children may have merely been choosing the best of two bad choices. After all, when shown a bone and a bowl of milk and asked ''Which is the dog?," 3-year-olds will indicate the bone (Markman, 1989) , but that does not license the conclusion that they take ''dog" to refer to a bone. Similarly, the 15-month-olds may have considered the real blicket as the best of two bad options for the word they learned in relation to a picture of the blicket. Preissler and Carey (2004) provided a stronger test of whether toddlers who are taught a new word in relation to a picture take that word to apply to the picture's real-world referent. In their study, 18-and 24-month-olds were taught an unfamiliar label (''whisk") for a small line drawing of an unfamiliar object (a whisk). Subsequently, they were presented with a pair of stimuli-a real whisk and the same simple drawing for which they had learned the label-and asked to indicate the whisk (i.e., ''Can you show me a whisk?"). If children simply associate the word with the picture with which it was paired or take it to refer only to the picture, they should indicate the picture itself because this is actually a choice presented to them. However, if children understand the referential relation between the word and the picture and between the picture and its referent, they should never indicate only the picture as the referent for the word. Rather, they should choose the real object either alone or together with the picture.
The results were striking; of 50 18-and 24-month-olds tested, only 1 selected the picture alone in spite of the fact that they had initially learned the label for the line drawing and had repeatedly experienced the pairing of the label and the small line drawing of the whisk. All of them chose the real whisk, with half selecting the whisk alone and half selecting the real whisk and its picture. These data are consistent with the conclusion that by 18 months of age, children who hear a novel word applied to a picture understand that the word refers to an object in the real world. Of course, adults also use words to apply to pictures of items, and the young children in Preissler and Carey's (2004) study appear to share this understanding. Of importance is that children did not select just the picture itself. This interpretation is bolstered by the finding that the observed pattern of responding is not inevitable. Using the same paradigm, Preissler (2008) found that children with autism spectrum disorder (ASD) were making associative mappings among words, pictures, and objects and failing to generalize a label learned for a picture to its corresponding real referent. That is, on the same task, the children with ASD rarely picked the real object alone and more than half of the time picked the picture alone when asked to indicate the whisk from a choice of the picture and a real whisk.
Study 1 had two goals. First, we explored how robust Preissler and Carey's (2004) findings are by seeking to replicate them in the picture book procedure used by Ganea and colleagues (2008) . The procedure used to teach children a novel word in these two studies differs in two important ways. In the picture book procedure, the word learning training was more naturalistic, with pictures for the novel object being labeled in the context of looking through a picture book in which other familiar entities are labeled as well. Also, the pictures are high quality, very realistic photographs rather than highly schematic, black-and-white line drawings. Second, we asked whether children younger than those tested by Preissler and Carey (2004) , namely 15-month-olds, perform like older toddlers on this task, demonstrating a symbolic understanding of both words and pictures, or whether they respond as do children with ASD (Preissler, 2008) , which would suggest a developmental transition from associative to symbolic understanding in the age range of 15 to 24 months.
Study 1
Study 1 sought to replicate the picture book word learning paradigm of Ganea and colleagues (2008) , showing that 15-, 18-, and 24-month-olds will apply a label learned in the context of a picture book interaction to the pictured item. It extended these findings by exploring whether children take the picture that was paired with the word during learning to be a better referent for the word than the actual object itself. Children first learned the novel name ''blicket" for a picture of a novel object, and then they were shown the picture and its real referent and asked to indicate the blicket. The dependent measure is whether a child indicates the object, the picture, or both when asked to show a blicket.
Method Participants
Three groups of children were tested: 18 15-month-olds (M = 15.7 months, range = 14.6-16.8, 10 girls and 8 boys), 16 18-month-olds (M = 18.5 months, range = 17.9-19.3, 8 girls and 8 boys), and 16 24-month-olds (M = 24.6 months, range = 23.1-26.07, 8 girls and 8 boys). An additional 13 children were excluded (4 15-month-olds, 5 18-month-olds, and 4 24-month-olds) because of fussiness or failure to complete the training procedure.
Materials
A picture book contained color photographs (13 Â 18 cm) of six familiar objects (stuffed dog, toy phone, plastic cup, toy car, toy hammer, and ball) and two novel objects (chrome wire egg holder and large white plastic egg holder adorned with two red strings). Each page was laminated on a cardboard backing. Two pictures-one of a novel object and one of a familiar object-were visible at a given time on opposite pages (see sample in Fig. 1 ). This was true throughout the book except for the last pair of pages, on which both novel objects were visible on adjacent pages, each once on the left page and once on the right page. Each novel object was depicted four times throughout the book.
The pictures used during the training and test phases (ball, cup, and the two novel objects) were identical to those that the children had seen in the picture book. The two novel objects were a small metal spiral egg cup and an oval white plastic object used for holding eggs.
Procedure
Infants sat in a sassy seat that clipped onto a small table. Each child's parent(s) was present in the testing room for the duration of the session. The procedure had four phases: book reading, training, object familiarization, and test.
Book reading phase. The experimenter sat next to the infant as in a normal book-reading interaction. During this phase, the child was taught a novel name for one of two novel objects in the picture book. For each familiar picture, the experimenter labeled the depicted object once (e.g., ''Look, it's a ball"). For the target novel object, the experimenter labeled the depicted object in the same fashion, saying ''Look, this is a blicket," and repeated the label three times. For the distractor novel object, the experimenter referred to the object (''Look at that, yeah, see that!") without labeling it to equate attention to the distractor picture with attention to the target picture.
Training phase. This phase was intended to familiarize children with the nature of the test questions. After the experimenter finished reading the book, she sat across the table from the participant. The infant was first presented with two pictures of familiar objects and was asked, ''Show me the ball [cup] ," counterbalanced for the object about which the infant was asked. If the child did not respond to the first question, the experimenter attempted to elicit a response using slightly different phrases (''Can you give me the cup?" or ''Can you give mommy the cup?"). She continued to use whichever phrase elicited a response in subsequent trials.
To assess whether children had learned the novel label for the depicted object during the bookreading interaction, they were then shown a picture of the novel target and a picture of the novel distractor and asked to indicate the blicket. Children's choice of the target picture was positively reinforced; if they chose incorrectly, they were given feedback as to the correct picture. Most children reached the criterion of two correct successive responses in two trials, with all three age groups taking an average of 2.3 to 2.5 trials to complete the training. The six children who failed to indicate the correct picture on two successive trials (of a maximum of four trials) were not included in the final analysis, being among those who were replaced in the final sample (see description of final sample). Object familiarization phase. To reduce the chance of a test response based solely on object novelty, children were familiarized with the two novel objects one at a time with order counterbalanced. Each test object was presented but not labeled (the experimenter simply said, ''Look at this"), and children were allowed to explore it for a few seconds.
Test phase. The children were then asked three test questions. One question (the picture-object test) explored children's referential understanding of pictures and words, testing whether the depicted object is equally or more acceptable as a referent for the newly learned word than the picture that had been the ostensive referent during the learning phase. Another question (real object bias test) was used to determine the extent to which these young children might have a bias to indicate a 3D object over a picture irrespective of whether the object is a candidate bearer of the label. The presentation of these two tests was counterbalanced. The third question (extension test) provided an additional measure of children's ability to extend a word from a picture to its real referent. In this last test, children were presented with the two novel objects and asked to indicate the blicket. The extension test was always asked last because it was essential that children not hear the label in relation to the real novel object before testing for their referential understanding of pictures and words. For each test, the side of the test items was counterbalanced for each child.
For all three tests administered, if a child simply grabbed a test item and explored it without clearly indicating a response, the experimenter removed both test items and repeated the question. Only intentional behaviors, such as pointing at an item and showing or giving an item to the experimenter while making eye contact with her, were taken to reflect application of the label.
In the picture-object test, the child was simultaneously shown the picture of the target object and the real target object and asked to indicate a blicket (''Can you show me a blicket?").
In the real object bias test, the child was shown a picture of the target object and the real distractor object and asked to show the blicket (''Can you show me the blicket?"). The correct answer on this test was to indicate the picture. Thus, this test was a measure of any general tendency to prefer objects over pictures and provided important information to evaluate performance on the picture-object test. Selection of the real distractor object on this test would indicate a simple preference for objects over pictures.
In the extension test, the child was presented with the two real objects (target and distractor) and asked to show the blicket. This test was a measure of children's application of the newly learned word to the real target object, as in Ganea et al. (2008) study.
Coding
All coding was done from the videotapes of the children's behavior by two independent raters. Throughout the training and test phases of the study, only intentional responses were counted as relevant to the referent children assigned the new word ''blicket." The criteria for establishing that children had made an intentional response were the same as those used by Preissler and Carey (2004) . Children needed to give or slide an item to the experimenter, point to it, or pick it up and show it to the experimenter while making eye contact. If children simply grabbed an item, played with an item, or explored an item without clearly indicating it to the experimenter, this was not coded as an intentional response. Across the three tests, overall children responded intentionally 79% of the time (157 intentional of 199 total responses) (p < .01, binomial test). Chi-square analyses indicated that the 15-month-olds responded unintentionally more often (23 unintentional of 77 total responses) than did the 18-month-olds (7 unintentional of 62 total responses) and 24-month-olds (12 unintentional of 60 total responses) (all ps < .01).
For example, with respect to the specific choices that children made on the picture-object test, if a child indicated that an object was correct (by pointing at it or sliding it to the experimenter) and then took the picture to play with it, this was coded as a ''real object alone" response. If a child indicated the picture and then played with the object, this was coded as a ''picture alone" response. If a child pointed to both items or took the object and placed it on top of the picture and then made eye contact with the experimenter, this was coded as ''both." Responses coded as both were also examined with respect to whether the child indicated both items simultaneously (e.g., put the object on top of the picture, pointed to both while saying ''there are two blickets") or sequentially (e.g., pointed to the picture and then took the object and put it on top of picture before indicating both to the experimenter, pointed to one item and then pointed to the other).
Intercoder reliability on the total number of test trials in Study 1 was high; the two coders agreed on 95% of the test choices. The few disagreements were easily resolved by a third person.
Results and discussion
We approached the results in three steps. First, we determined whether children had a general object bias. If a child had a basic tendency to select real objects over pictures (as indicated by choosing the object on the real object bias test), the child's choice of the object on the picture-object test would provide no information concerning whether the term ''blicket" is extended to a real object even when the picture is available as a response. The choice of the real object could simply be the result of a preference for objects over pictures.
There was no effect of test order on children's performance; children's choices were not affected by whether they received the picture-object test first or second.
Replicating Preissler and Carey's (2004) data, when asked which was the blicket virtually no 18-or 24-month-olds ever indicated the real novel object on the real object bias test over the picture that had been used during the labeling phase (only one 18-month-old did so). However, one third of the 15-month-olds (6 of 18) displayed a real object bias (see Fig. 2 ).
Next, we analyzed children's responses to the picture-object test. We assessed whether children with no object bias would indicate the real object as a blicket when the response of the picture of the blicket was available to them or whether they would often choose the picture alone, as did children with autism. As can be seen in Fig. 3 , at each age children frequently indicated the real object as a blicket either alone or together with the picture (75% of 15-month-olds, 69% of 18-month-olds, and 75% of 24-month-olds).
After that, we assessed whether children actually preferred the real object over the picture, as did the normally developing 18-and 24-month-olds in Preissler and Carey's (2004) study. They did not; as can be seen from Fig. 3 , at no age were they significantly more likely to choose the object alone than the picture alone.
The results from Study 1 show that toddlers accepted the real object as a blicket even when presented with a choice between the real object and the picture that had been labeled during training. The pattern of responding on the picture-object test is what would be expected if the child were choosing at chance level (i.e., choices distributed among the object, the picture, and both). However, children almost never indicated both test items on the other two types of tests (there was only one response that included ''both" on the extension test and none on the real object bias test). Thus, in light of all the other trials in which children did not indicate both objects, we take the choice of ''both" on the picture-object test to indicate that the child accepted both the real object and the picture of the object as blickets.
Of the 16 children (across the three ages) who made ''both" choices in Study 1, 10 indicated the test items sequentially (e.g., pointed to the picture and then took the object and put it on top of picture before indicating the object to the experimenter, pointed to one item and then pointed to the other) and 3 indicated the test items simultaneously (e.g., put the object on top of the picture, pointed to both while saying ''there are two blickets"). The responses of 3 children could not be coded with respect to whether the specific choice was done sequentially or simultaneously because of technical difficulties with the tape (the coding was based on the original online recording of the experimenter).
On the extension test, the majority of children indicated the correct target object when presented with the real blicket and the real distractor object: 77% (14 of 18) of the 15-month-olds, 81% (13 of 16) of the 18-month-olds, and 93% (15 of 16) of the 24-month-olds (all ps < .05, binomial test); these results show that all age groups were successful at transferring the novel word to the real novel object when it was presented in isolation from the picture. The results of the extension test replicate the findings reported by Ganea and colleagues (2008) ; toddlers of 15 to 24 months of age, when taught a new label for a pictured novel entity, will extend that label to the real entity that was pictured if given a choice between that real entity and another real object. The results of the picture-object test extend that finding to a case where the real entity is paired with the picture used to teach the child the novel label, showing that the extension of the label to the real object in the extension test is not merely a choice of the best of two bad options.
Nonetheless, the current results do not fully replicate the pattern of responding that Preissler and Carey (2004) observed. Unlike in their study, the children did not prefer the real object over the pictured object when asked to indicate a blicket on the picture-object test. In the current study, both the real object and the pictured object were equally favored responses, whereas in Preissler and Carey's study, the 18-to 24-month-olds significantly preferred the real object as the referent for the new label. The difference between the two studies is statistically reliable; in Preissler and Carey's study, only 1 of 50 18-to 24-month-olds indicated the picture alone on picture-object trials, whereas in the current study, 8 of 31 18-to 24-month-olds did so, v 2 (1, 81) = 8.70, p < .01.
There are two major differences between the two studies, either or both of which may have contributed to the difference in results. First, the pictures in the current research were large (13 Â 18 cm), highly realistic colored photographs of the objects, whereas those in Preissler and Carey's (2004) were small (5 Â 5 cm), schematic black-and-white line drawings. The highly realistic photographs may be better candidates as bearers of names. That is, whereas the perceptual similarity between a highly realistic photograph and the real object depicted therein may be easier to compute than the similarity between a schematic line drawing sketch and the entity it represents, pointing to a line drawing and saying ''this is a whisk" may paradoxically promote assigning the referent of whisk to an unseen real object because the little cardboard drawing is obviously not a whisk or anything else for that matter.
A second difference between the two studies is in the word learning training. During training, the children in Preissler and Carey's (2004) study received more pairings between the novel word (''whisk") and the pictured whisk, and each training trial involved choosing the whisk from among two or seven pictured objects. This training was meant to provide many associative pairings between the word and the picture, and the focus was deliberately only on the word ''whisk" and the picture that provided the ostensive definition of it. In the current study, the words were introduced in a much more naturalistic manner in the context of a book in which many different familiar entities were named. The children did not extensively practice choosing the blicket from many different pictured objects. This difference in training may have led to a more robust pairing of the word ''whisk" with the picture of the whisk than of the word ''blicket" with the picture of the blicket. And again, paradoxically, this more robust pairing may lead to a more confident extension of the word to the real object.
Future studies could explore these two hypotheses; more schematic drawings could be used in the picture book paradigm, and more realistic photographs could be used in Preissler and Carey's (2004) training regime. Such studies would inform our understanding of the processes through which toddlers establish representations of pictured entities. Nonetheless, the current study adds to the growing literature that very young children extend words taught by ostensive definition on pictures to the pictured entities.
Just as in previous research, the word learning progress of the 15-month-olds was less proficient than that of the older children. In Ganea et al. (2008) study, the youngest children were more affected by perceptual similarity between the pictured item and the real referent than were the two older groups. And in the current study, one third of the 15-month-olds failed to indicate the pictured blicket when given a choice between the picture and a real distractor entity (the real object bias test). Both of these findings may reflect a less robust representation of the pictured blicket being formed during learning by the 15-month-olds than by the older children. Still, the 15-month-olds in the current study did succeed overall at indicating the real blicket when it was paired with the real distractor on the extension test. Also, if they succeeded on the real object bias test, their pattern of responding on the picture-object test was identical to that of the older children. Thus, there was no evidence that 15-month-olds form a merely associative mapping between the word and the entity paired with it during learning (as children with autism do). If they did, children should more often include the picture when asked to indicate which of two entities is a blicket (if a picture choice is available). Thus, the 15-month-olds who did not show an overall object preference in this study, the youngest tested in such a paradigm, do perform just like the older children, suggesting that the emergence of symbolic understanding is in place by 15 months of age. We return to alternative interpretations of the observed pattern of responding in the General discussion.
If younger children form less robust representations of the pictured entities, they should be more affected by a mismatch between the perceptual properties of the entity depicted in the picture and those of the real entities to which the word may apply, both on the extension test (as already shown by Ganea et al., 2008) and on the picture-object test. Study 2 tested this prediction.
Study 2
Study 2 asked whether children will prefer a real object as a referent for a new word learned in the context of a picture book when that referent fails to match the pictured entity in some salient way. Children were tested on the same test of pictorial understanding as in Study 1. That is, children again learned the name ''blicket" for a novel depicted object. Then they were shown the picture for which they learned the label and a real object that belonged to the same category as the depicted object but was of a different color, and they were asked to show a blicket. Thus, the level of perceptual similarity between the picture and the candidate real referent was lower than in Study 1, where children were tested with the picture and an identical real referent.
Method Participants
Three groups of children were tested: 15-, 18-, and 24-month-olds. There were 15 15-month-olds (M = 15.8 months, range = 15.0-17.1, 8 girls and 7 boys), 16 18-month-olds (M = 18.5 months, range = 17.8-19.4, 7 girls and 9 boys), and 16 24-month-olds (M = 24.2 months, range = 23.1-25.0, 7 girls and 9 boys). An additional 11 children were excluded (5 15-month-olds and 6 18-month-olds) because of fussiness or failure to complete the training procedure.
Materials
Materials were the same as in Study 1, with the only difference being that the colors of the real novel objects (blue egg cup and golden metal spiral) were different from those of the depicted objects (white egg cup and chrome metal spiral).
Procedure
The procedure was the same as in Study 1 with one important change. During the testing session, the children were shown novel exemplars of the objects they had seen depicted in the book. During the familiarization trials between the book reading and the tests, the two real objects presented for inspection were of different colors from those depicted in the pictures. And during the tests, for example, if the children saw a picture of a white blicket in the picture book, on the picture-object test they saw a picture of a white blicket and a real blue blicket, on the real object bias test they saw a picture of a white blicket and a novel distractor object of a different color from that depicted in the picture book, and on the extension test they saw a real blue blicket and a novel distractor object of a different color from that depicted in the picture book.
Coding
Coding was the same as in Study 1, with 99% agreement between coders.
Results and discussion
Children's responses to the test questions were scored as in Study 1. As in Study 1, many of the younger children had an object bias, as shown by their selection of the real distractor object rather than the pictured blicket when asked to indicate the blicket on the real object bias test. Although real object biases were more frequent in Study 2 than in Study 1 (see Fig. 2 ), the difference was not statistically significant, v 2 (1, 97) = 1.38. The perceptual similarity between the picture labeled ''blicket" during training and the real blicket on the picture-object test had a large effect on children's choices. Because the sample of the 15-month-olds who did not have an object bias was very small (n = 7), we conducted this analysis only for the 18-and 24-month-olds. (Of the 7 15-month-olds with no object bias, 2 selected the picture alone, 4 selected the object alone, and 1 indicated both the picture and the object). As can be seen in Fig. 3 , the 18-month-olds were more likely to indicate the picture alone as a blicket in Study 2 than were those in Study 1, v 2 (1, 30) = 4.16, p < .05. The 24-month-olds' responses were symmetrical between the object alone choice and the picture alone choice; the choice of ''both" was less frequent in Study 2 (2 of 13 children) than in Study 1 (8 of 16 children) but not significantly different according to chi-square analysis.
As can be seen in Fig. 4 , the perceptual similarity between the picture and the real object also affected the responses on the extension test. Replicating the results of Ganea et al. (2008) , the younger children were less likely to pick the real blicket in Study 2 than in Study 1; indeed, the performance of the 15-and 18-month-olds did not differ from chance (66% and 63% correct, respectively.) The 24-month-olds were less affected by perceptual similarity on this measure, with 86% correctly indicating the blicket in spite of its being a different color from the pictured one (p < .05, binomial test), essentially the same level of performance as in Study 1.
In sum, Study 2 confirmed that the perceptual (color) mismatch between the picture that provided an ostensive definition of the newly heard word and a candidate real object that could be taken as a referent for that word greatly decreased the likelihood that 18-and even 24-month-olds applied the word to the real object (when the picture was also present).
These data, together with those of Preissler and Carey (2004) , raise a paradox. In Preisser and Carey study, the perceptual mismatch between the picture labeled ''whisk" and the real whisk was great; the picture was a schematic cartoon in the form of a small black-and-white line drawing, whereas the real whisk was silver, large, and not even exactly the same shape as the drawing. The perceptual mismatch was far greater than that between the picture of the blicket and the real blicket in this study, which differed only in color, given the high quality of the realistic photos used here. Yet in Preissler and Carey's data, the 18-and 24-month-olds were more likely to avoid the picture alone choice than were those in the current research. These data are consistent with the suggestion made above that the highly detailed, realistic photos may be better candidate bearers of names than schematic line drawings, thereby leading to the paradoxical finding that a word introduced as referring to a small line drawing is more likely to be extended to a real object that the picture depicts. It is also possible that the increase in visual realism may have interfered with children's ability to focus on the symbolic nature of the picture. This is consistent with the finding of Pierroutsakos and DeLoache (2003) that infants manually explore photographs more than black-and-white line drawings. The realistic nature of pictures, thus, may play an important role in how readily young children interpret them symbolically, and future research examining the effect of iconicity will be essential to provide important information about the factors involved in the early development of a symbolic understanding of pictures.
General discussion
In spite of the fact that infants perceive the similarity between pictures and the objects they depict and also distinguish 2D entities from 3D entities (DeLoache et al., 1979; Dirks & Gibson, 1977; Rose, 1977; Slater et al., 1984) , it is still an open question when and how they come to grasp the symbolic function of pictures. Achieving this understanding is a complex developmental process. It is not until 18 to 24 months of age that children prefer upright pictures over inverted pictures (DeLoache, Uttal, & Pierroutsakos, 2000) and point at depicted objects rather than manually explore them (DeLoache et al., 1998; Murphy, 1978) . Also, by 24 months of age, children can follow a request to put a toy at a place specified to them on a picture (DeLoache & Burns, 1994) and can use information provided with a picture (e.g., ''The toy is hiding there," pointing to the cupboard in a picture of a room) to find the object in the depicted room (Suddendorf, 2003) , and they can reliably do so by 30 months of age (DeLoache & Burns, 1994). Nevertheless, even at 4 years of age, children can show confusion about the properties of pictures and depicted objects (Beilin & Pearlman, 1991; Robinson et al., 1994) , and the consequences of actions on pictures and objects (Flavell et al., 1990) .
Notwithstanding this extended developmental process, the current studies add to the evidence that even younger children are able to use information gained from photographs to guide behavior in the real world. Previous studies showed that 15-, 18-, and 24-month-olds can apply a label learned for an object depicted in a picture book to the real object (Ganea et al., 2008) , and 18-and 24-month-olds can learn and imitate a novel action sequence from a picture book (Simcock & DeLoache, 2006; Simcock & Dooley, 2007) . And in the current study, as in Preissler and Carey (2004) , 18-to 24-month-olds included a real object in the extension of a new word, ''blicket," that had been taught in relation to a picture of that object, even when given a choice between that picture and the real object. The current study extended this finding to even younger children, namely 15-month-olds.
Not only do toddlers extend words taught on pictures to their real-world referents, but also a series of studies by Callaghan (2000) suggest that until 2.5 years of age, children may succeed in identifying the referents of pictures only when labels for those pictures are known or when the pictures have been labeled (as in the current studies). In one task, Callaghan showed 2.5-and 3-year-olds pictures and, while indicating one picture, instructed them to ''Find this one. Where's this one?" She then showed children two real objects, one of which had been depicted in the picture. The younger children failed to identify the object that was previously pointed at in the picture, showing better performance only when the pictured object was labeled, consistent with work showing that labeling highlights a picture's symbolic status (Preissler & Bloom, 2007) . By 3 years of age, children in Callaghan's (2000) study no longer showed a differential effect based on the presence or absence of labels; that is, children were successful at indicating the correct picture even if it depicted a novel unlabeled object. These findings, together with those of the current studies and those of Preissler and Carey (2004) , leave open three subtly different interpretations of toddlers' grasp of pictures and words as symbols.
According to a lean interpretation, the relation between a word and the objects in its extension is associative and the relation between a picture and the entity it depicts is merely one of perceptual similarity. On this view, when pictures of novel entities are given novel names, children form an association between the label and a perceptual representation of the picture and then apply this label to any stimulus that is perceptually similar to the stored representation. This account makes sense of the effects of perceptual similarity between the pictures and their referents observed in the current studies and other related studies (Callaghan, 2000; Ganea et al., 2008; Simcock & DeLoache, 2006) . However, this account is not consistent with Preissler and Carey's (2004) findings, for in their study the word was repeatedly associated with the line drawing of a whisk and yet children rejected the line drawing as a referent for the word when given a choice between it and a real whisk. Preissler and Carey concluded that the relation between words and their referents is symbolic, as is the relation between pictures and the entities they depict. In addition, children with ASD provide data that clearly support the lean associative interpretation (see Preissler, 2008) given that they mapped a novel word just to a picture and failed to generalize to the real-world referent. Given this existence proof that the hypothesized pattern of responding consistent with the lean interpretation is possible, it is significant that normally developing toddlers respond totally differently.
However, there is a medium lean interpretation of these findings in which the word is indeed interpreted symbolically but the picture is not. That is, the word might be assigned a referent on ostensive definition of the picture, and that referent is represented in terms of the perceptual features of the picture. Other entities are then categorized in accord with how well they match the stored representation. This account makes sense of Callaghan's (2000) finding that labels are necessary for young children to extend pictures to real-world entities, and it also accounts for the role of similarity between the pictures and the depicted objects in these studies.
The results of the current study, along with those of Preissler and Carey (2004) , pose some problems for this account. When children form a representation of the perceptual stimulus (i.e., the picture) that is ostensively indicated as the blicket, what leads them to ignore those perceptual features that specify the stimulus as 2D (and small, and black and white, and a line drawing in Preissler & Carey's study)? If the picture is rejected because real objects are better candidates for word meanings than are pictures, and it is only the word that has symbolic content, only the real object should be strongly preferred in the current studies (because it is both a real object and an excellent match to the stored stimulus). But this is not what we observed.
Finally, the richest interpretation, and the one we tentatively favor, is that by 15 months of age and under these circumstances, when pictures are labeled, both the word and the picture are taken as symbols for real-world entities. That is, when children hear a word ostensively referring to a picture, they know that both the word and the picture refer to a real 3D entity.
When a child's attention is drawn to a picture, the child needs some cue to know that his or her communicative partner intends this particular picture to be taken as a symbol (after all, not all pictures are symbols). These cues are varied and interact in subtle ways. First, how realistic and detailed the picture is may be positively related to the likelihood that the picture itself is a bearer of a name. Another cue is labeling itself. When we point to a picture and label it a ''blicket," we are cueing the child to take it as a symbol for a real object so long as the child knows that words refer to real entities and that the picture is not such an entity. This might explain the important role of labeling that Callaghan (2000) observed in the studies described above.
As required by this analysis, children generally perform better on symbolic tasks when the symbols are introduced as part of a social interaction and their status as representations is highlighted (Callaghan & Rankin, 2002; Callaghan et al., 2004; Szechter & Liben, 2004; Troseth, 2003) . The role of ostensive communicative behaviors for learning symbols has also been clearly demonstrated in the domain of word learning (Akhtar, Carpenter, & Tomasello, 1996; Baldwin, 1991; Bloom, 2000; Tomasello, 1999) . Further research examining which specific aspects of ostensive communication are involved in children's understanding of pictures may reveal important information about mechanisms underlying symbolic development. One recent finding suggests that even a nondirectional social cue, such as a positive facial expression, can facilitate young children's interpretation of symbols (Leekam, Solomon, & Teoh, 2009 ).
So far, there are no decisive arguments that adjudicate between the medium lean and rich interpretations of the findings to date concerning toddlers' capacity to extend words from pictures to the objects depicted. What is clear is that toddlers are indeed able to do so and that they do so even when the picture that had been paired with the new word during learning is available as a choice. Thus, the foundations of understanding word-picture and picture-object relations are in place before children reach their second birthday.
